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Abstract 

Ago-adjusted incidence rates Tor lung cancer are 
significantly lower for Hispanics compared with non- 
Hispauic whites or African-Americans; differences in 
genetic susceptibility have been postulated as one 
explanation for these ethnic differences. Recently, a 
polymorphism of the gene encoding NAD(P)H quinone 
oxidoreductase (NQOl ) has been described. NQOl is a 
cytosolic enzyme catalyzing the two-electron reduction of 
quinone substrates, which is thought to be involved in 
both metabolic activation and detoxification of 
carcinogenic agents that could be involved in lung 
carcinogenesis. The polymorphic variant of the gene (a 
C-to-T transition at base pair 609) is associated with 
reduced NQOl activity and resistance to anticancer 
agents requiring reductive activation. We studied 177 
untreated lung cancer cases and 297 community controls, 
examining the prevalence of the NQOl wild-type and 
variant aileles to assess whether the polymorphism was 
associated with lung cancer. Cases and controls were 
individuals of Mexican-American (n = 222) or African- 
American (n = 252) ethnicity recruited from the Houston 
and San Antonio areas. Overall cases were more likely to 
carry two copies of the wild-type NQOl allele compared 
with controls (odds ratio, 1.79; P = 0.002). When cases 
and controls were stratified by ethnicity, the wild-type 
genotype was found to be approximately 2-foid more 
common among African-Americans (P < 0.001) than 
among Mexicait-Americans. Multivariate analyses 
indicated a significant association of the wild-type 
genotype with lung cancer risk after controlling for the 
effects of age, gender, ethnicity, and smoking status (odds 
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ratio, 1.80; 95% Cl: 1.09-2.97,- P = 0.02). These results 
indicate a significant ethnic variation in the occurrence of 
the NQOl base pair 609 transition and demonstrate an 
association of the wild-type genotype with lung cancer 
risk. Given the known role of NQOl in the activation of 
potential lung carcinogens, the NQOl polymorphism 
should be investigated further as a possible genetic risk 
factor for lung cancer among minority populations. 

Introduction 

Ethnic and racial differences in lung cancer incidence have 
been noted in various studies within the United States. Hispan¬ 
ics have lower age-adjusted incidence rates compared with 
white non-Hispanics (1-3). and African-Americans have higher 
rates than whites (4, 5). Although differences in patterns of 
cigarette smoking (6-8) or occupational exposures (9) may 
account for some of these differences, ethnic variations in 
genetic susceptibility factors could also play a role in ethnic risk 
differentials (10). Recent research on host susceptibility in 
tobacco-related lung cancer has focused on polymorphisms 
within genes that encode enzymes involved in the activation or 
detoxification of tobacco carcinogens (11, 12), Significant eth¬ 
nic variations in several of these genes have been noted (13, 
14). Genetic variations in both activation and detoxification 
enzymes have been associated with the occurrence of lung 
cancer (15, 16). The distinction between these two classes of 
metabolic pathways is in some cases arbitrary, given that cer¬ 
tain enzymatic activities may function as both activation and 
detoxification mechanisms, 

One example is NQOP (EC 1.6.99.2), previously referred 
to as DT diaphorase. The NQOl enzyme is a dimeric flavin 
adenine dinucleotide (FAD)-containing cytosolic protein that 
catalyzes the two-eiectron reductions of a variety of quinone 
compounds (17, 18). For some compounds, the reduction of the 
quinone moiety to a hydroquinone prevents die generation of 
free radicals and reactive oxygen, thus protecting cells from 
oxidation damage (see, e.g., Kefs. 18 and 19). In contrast, the 
NQOl enzyme may function as a mechanism for the reductive 
activation of certain chemotherapeutic agents (e.g., E09 and 
mitomycin C) and environmental carcinogens such as nitroaro- 
matic compounds (dinitropyrenes), heterocyclic amines, and 
possibly cigarette smoke condensate (20—25), 

Recently, a base substitution polymorphism in the NQOl 
gene was identified (26, 27); approximately 50% of healthy 
individuals were found to carry a C-to-T transition at base pair 
609 of exon 6, a change that is predicted to lead to a codon 187 
serine residue in place of the Wild-type proline (28, 29). The T 


3 The abbreviations used are: NQOl. NAD(P)H:quinaoe oxidoreductase type i; 
OR, odds ratio; Cl. confidence interval. 
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substitution at base pair 609 produces an Hinfl restriction site, 
which is used in the PCR-based genotyping method developed 
to identify carriers of the polymorphism. An approximate 
3-fold decrease in quinone reductase activity was associated 
with this allelic variant in the heterozygous state (28). A pre¬ 
vious study of the NQOl polymorphism in a predominately 
non-Hispanic white population found an association of the 
variant allele with lung cancer and also a higher prevalence of 
the wild-type allele in nonsmoking control subjects (29). Tn the 
present study, we hypothesized that the allelic variant of the 
NQOl gene could decrease the risk of lung cancer in minority 
populations, To test this hypothesis, we compared the preva¬ 
lence of heterozygous and homozygous carriers of the NQOl 
variant in lung cancer cases and controls among Mexican- 
Americans (low risk) and African-Americans (high risk). 

Materials and Methods 

Study Population- The study population has been described 
previously (30, 31) and consisted of 177 lung cancer cases (61 
Mexican-Americans and 116 African-Americans) and 297 con¬ 
trol subjects (161 Mexican-Americans, 136 African-Ameri¬ 
cans). To be eligible for inclusion in the study, both cases and 
controls must have self-reported their ethnicity as either Afri¬ 
can-American or Mexican-American. “Mexican-American” is 
used as a general term to designate any permanent resident of 
the United States descended from Spanish-speaking residents 
of Mexico. Cases were newly diagnosed, histologically con¬ 
firmed lung cancer patients who had not received prior treat¬ 
ment with radiotherapy or chemotherapy. The patients were 
recruited from The University of Texas M. D. Anderson Cancer 
Center and from county, community, and Veterans Affairs 
medical centers in the Houston and San Antonio metropolitan 
areas. There were no age, histological, or stage restrictions. 
Controls were a convenience sample recruited from community 
centers, cancer-screening programs, churches, and employee 
groups. Only individuals without a history of cancer were 
eligible for participation as controls. The study population is a 
subsample of a larger case-control study in which controls were 
frequency matched to the cases by gender, ethnicity, and age 
(±5 years), 1:1 for African-Americans and 2:1 for Mexican- 
Americans. The present sample does not maintain this matching 
precisely; 32% more Mexican-American and 17% more Afri- 
cafl-American controls arc included than expected. Therefore, 
we have included ethnicity, age, and gender in the multivariate 

analyses. 

After informed consent was obtained, a structured inter¬ 
view of approximately 45 minutes in duration was conducted 
by trained interviewers/phlebotomists. Bilingual interviewers/ 
phlebotomists conducted the interviews for the Mexican-Amer¬ 
ican cases and controls using a questionnaire translated into 
Spanish and back-translated into English by the Department of 
Mexican-American Studies at the University of Houston 
(Houston, TX). Mexican-American study participants could 
choose either English or Spanish for the interview. Data were 

collected on sociodemographic characteristics, recent and prior 
tobacco use, other lifestyle habits, and family history of cancer. 
Blood was drawn into heparinized tubes for cytogenetic and 
molecular genetic analyses. 

NQOl Genotyping, Heparinized whole-blood specimens were 
coded and shipped by air courier to the laboratory in San 
Francisco where they were analyzed without knowledge of the 
subjects’ ethnicity or case status. DNA was isolated from whole 
blood (Puregene Gentra Systems, Inc.) and quantified by a 
microfluorometric method (Hoefer Scientific). To detect the 


Tabic I Sociodetnographic and smoking variables 


Variable 

Cases 

Controls 

p value 

Gender 

Male 

135(76.3%) 

207 (69.7%) 


Female 

42(23.7%) 

90(30.3%) 

0.138 

Ethnicity 

Mexican-American 

61 (34.5%) 

161 (54.2%) 


African-American 

116(66.5%) 

136 (45.8%) 

o.ooo i 

Age 

<40 

4 (2.3%) 

10(3.4%) 


40-50 

18(10.2%) 

42(14.1%) 


50-60 

4S (27,1%) 

61 (205%) 


60-70 

62 (35.0%) 

97 (32.7%) 


>70 

45(25.4%) 

S7 (29.3%) 

0318 

Mean age (±SD) 

621 ± 10.5 

62.2 ± t0.8 

0.940 

Education years (±SD) 

9.7 ± 4.1 

10.2 ± 5.0 

Q.292 

Household size (±SD) 

25 ± 1.5 

2.3 ± 1.9 

0.152 

Cigarette smoking 

Current 

103 (58/2%) 

89 (30.0%) 


Former 

67 (37.9%) 

80 (26.9%) 


Nonsmokcr 

7 (4.0%) 

128 (43.1%) 

<0.001 

pack-years <±SD) 

48.6 ±31-1 

12.0 2: 18.5 

o.oooi 

> Years quit (±SD) 

7.8 ± 9.6 

17.9 ± 12.5 

0 . 000 ) 


wild-type and variant NQOl alleles, PCR products were gen¬ 
erated using 400 ng of genomic DNA with a Perkin-Elmer 
Corp. 9600 thermocycler. The sense primer (5'-TCCTCA- 
GAGTGGCATTCTGC-3') and antisense primer (5’-TCTCCT- 
CATCCTGTACCTCT-3') amplify a 211-bp region, including 
the last 7 bases of exon 5 and the first 204 bases of intron 6. We 
used a 30-p.l PCR reaction with a final concentration of 50 jzm 
deoxynucleotide triphosphates, 2 him MgCl 2 ,0.375 jam for each 
primer, and 1.5 units of Taq polymerase. Thermal cycling 
conditions used were: hot start; 95°C for 10 min followed by 30 
cycles at 95°C for 30 s, 65°C for 30 s, and 72°C for 30 s; and 
then a final extension of 72*C for 1 min. The PCR products 
were then digested with 36 units of Hin(l for 5 h at 37°C. Hinfl 
recognizes GA/VTC, so the transition from wild-type GAACCT 
to GAATCT in the variant creates a new Hinfl restriction site. 
Digested products were detected by 1.8% agarose gel electro¬ 
phoresis containing 0.3 jug/ml ethidium bromide. A single 
high-molecular weight PCR product that is resistant to enzyme 
digestion indicates a homozygous wild-type genotype, two 
bands corresponds to the heterozygote, and two lower-molec¬ 
ular weight bands corresponds to the homozygous variant gen¬ 
otype. 

Statistical Analyses. To test for significant associations be¬ 
tween NQOl genotypes and case-control status, univariate ORs 
were calculated as a measure of the relative risk. Stratified 
analyses by smoking status were carried out. Pack-years were 
calculated based on the self-reported number of years smoked. 
Former smokers were persons who had quit smoking >1 year 
prior to the study. Time since cessation of smoking and age at 
starting smoking were also evaluated. Logistic regression cal¬ 
culated by the SAS System program was used to estimate risks 
adjusted for potential confounders (e.g., smoking pack-years, 
years since quitting smoking) or matching variables (i.e., age, 
gender, and ethnicity). Confidence limits for the adjusted ORs 
were calculated with the associated logistic coefficients and 
standard errors. 

Results 

Demographic information and smoking histories for study sub¬ 
jects are presented in Table 1. No case-control differences were 



PM3003565717 

Source: https://www.industrydocuments.ucsf.edu/docs/jhnj0001 










Cancer Epidemiology, Bkmuu'kers & Prevention 59 


Table 2 

Smoking variables In Mexican-American and African-American lung cancer cases 

Smoking variable 


Ethnic groups 





Mexican-American" (N — 61) 


African-American" (N *= 116) 

Current smokers 

N =* 28 (45.9%) 


N = 75 (64.7%) 

Cigateites/day (±SD) 

26.0 ± 14.7(7-80) 


26.4 ± 13.8 (10-80) 

Age started (years) 

16.9 ± 5.5 (7-30) 


18.1 ± 6.9 (6-45) 

Mean pack-yews (±SD) 

61.2 :t 39.1 (12-192) 


52.3 ±31,2(10-138) 

Former smokers 

A r *= 29 <47.5*.) 


AT - 38 (32.8%) 

Cigarettes/day 

22.0 ±11.9 (2—50) 


23.2 ± 12.9(1-60) 

Age started 

18.3 2:7.0(12^17) 


16.9 ± 5.3 (9-38) 

Mean pack-years 

43.3 ±30.3(1-81) 


44.8 ± 28.8 (0.4-120) 

Years since quitting 

7.1 ±7.71(1-43) 


8.3 ± 10.8 (1-54) 

Never smokers 

N = 4 (6.6%) 


N - 3 (2.5%) 


a Values arc means ± SD, Pensentagfts and ranges are shown in parentheses. 


Table 3 Distribution of the wild-type (wt) and variant (vt) alleles of the NQOI locus in lung cancer cases and controls stratified by ethnicity and smoking stalus 

Ethnic group/smoking 
category 


Controls 



Lung cancer cases 

OR 4 


95% Cl 

N 

wt/w*■ 

Wt/Yt + 

Vt/vt 

N 

wt/wc 

vvtM 

+ vt/vt 

P value 

AU ethnic groups 

297 

135 (46) 

162 (54) 

177 

106(60) 

71 (40) 

1.79 

0.002 

1.23-2.61 

Current smokers 

89 

39(44) 

50(56) 

103 

66(64) 

37 (36) 

2.29 

0.005 

1.23-4.03 

Former smokers 

80 

37(46) 

43(54) 

67 

35(52) 

32 (48) 

1.27 

0.500 

0.66-2.44 

Never smokers 

128 

59 (46) 

69 (54) 

7 

5(71) 

2(29) 

2.92 

0.191 

0.58-14.7 

M exican-Americans 

161 

52 (32) 

109 (68) 

61 

29 (48) 

32(52) 

1.90 

0.035 

1.04-3.46 

Current smokers 

45 

14 (31) 

31 (69) 

28 

16<S7) 

12(43) 

2.95 

0.023 

1.12-7.SI 

Former smokers 

42 

16(38) 

26 (62) 

29 

10 (35) 

19(65) 

0.85 

0.756 

0.32-231 

Never smokers 

74 

22 (30) 

52 (70) 

4 

3(75) 

1 (25) 

tid‘ 

nd 

nd 

African-Americans 

136 

S3 (61) 

53(39) 

116 

77(66) 

37(34) 

1,26 

0,379 

0,75-2.11 

Current smokers 

44 

25 (57) 

19 (43) 

75 

50 (67) 

25 (33) 

J-52 

0.283 

0.71—3.23 

Former smokers 

38 

21 (55) 

17 (45) 

38 

25 (66) 

13 (34) 

1-56 

0.348 

0.61-3.95 

Never smokers 

54 

37 (69) 

17 (31) 

3 

2(67) 

1 (33) 

nd 

nd 

nd 


° Numbers in parentheses are row percentages, 
h Reference group for case ORs are controls within the same row. 
*' nd, not determined. 
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observed for level of education or household size. In addition, 
no significant differences in income were noted (data not 
shown). However, there were predictably marked differences in 
the self-reported smoking histories between cases and controls; 
cases compared with controls were significantly more likely to 
he former smokers or current smokers and to report greater 
pack-year histories of cigarette consumption. Among former 
smokers, controls reported quitting smoking 17-9 years prior to 
the study compared with 7,8 years in cases. African-Americans 
were more likely to be current smokers than Mexican-Ameri- 
cans = 6.32; P — 0,02; Table 2). Within the smoking group 
(i.t\, current/former/never), however, the patterns of cigarette 
use were similar in the two ethnic groups when considering 
average number of cigarettes smoked per day, the age at initi¬ 
ation, total pack-year consumption, and years since quitting. 
Among lung cancer cases, histological diagnosis in Mexican- 
Americans was 32% adenocarcinoma, 18% squamous cell, 
13% small cell, 8% large cell, and 29% other histologies (i.e., 
non-small cell or unclassified); for African-Americans, the cor¬ 
responding percentages were 36, 38, 11, 6, and 9%, respec¬ 
tively. 

The primary aim of the present study was to compare the 
prevalence of wild-type and variant alleles of the NQOI gene in 
cases and controls. Because previous biochemical studies indi¬ 
cated a phenotypic effect of the NQOI heterozygote (28), we 
combined heterozygous and homozygous variant individuals in 
our initial analyses. Unadjusted ORs for the association of the 


combined variant genotype with lung cancer are presented in 
Table 3. Among all cases, 60% carried the wild-type homozy¬ 
gous form of the NQOI gene compared with 46% in controls 
(P = 0.002). The increased prevalence of the wild-type geno¬ 
type in cases was greatest in current smokers compared with 
former smokers, although the difference was not statistically 
significant. Because ethnic variation in the prevalence of the 
variant alleles could affect these results, we stratified cases and 
controls according to ethnic group. A highly significant differ¬ 
ence in the prevalence of the NQOI variants was observed 
between the two groups for both cases and controls. For ex¬ 
ample, in Mexican-American controls, the distribution was 
32% wild-type, 52% heterozygous and 16% homozygous var¬ 
iant. The allele frequencies for wild-type and variants were 0.5S 
and 0.42, respectively. Among African-American controls the 
distribution of alleles was 61% wild-type, 34% heterozygous, 
and 5% homozygous variant. The corresponding aliele frequen¬ 
cies in African-Americans were 0.78 wild-type and 0.22 vari¬ 
ant. The difference between the variant allele frequencies in the 
two ethnic groups was highly significant (I test: P < 0.0001). 
Thus, the wild-type form of the NQOI polymorphism, which 
here was associated with lung cancer case status, was found to 
be more common among African-Americans. ORs within eth¬ 
nic group and smoking strata were unstable due to the small 
sample size of each group; however, significant associations of 
the wild-type genotype with lung cancer were observed in 
Mexican-Americans overall and in Mexican-American current 


\ 

11 


4 , 


PM3003565718 


Source: https://www.industrydocuments.ucsf.edu/docs/jhnj0001 








90 Wild-Type NQOl Genotype and Lung Cancer Risk 


Table 4 Logistic regression for NQOl wild-type genotype association with lung cancer 


Variable" 

Parameter estimate 

P 

OR 

95% Cl 

Age (>50 years) 

0.0387 

0.75 

1.04 

0.82-1.32 

Gender (female) 

0.7155 

0-036 

2.05 

1.14-3.66 

Ethnicity (African-American) 

0.530 

0.048 

1.70 

1.00-2.88 

Pack-years (per 10 pack-years) 

0.482 

0.001 

1.62 

1.41-1,86 

Duration of cessation (decades) 

-0.259 

0,001 

0.77 

0.66-0.90 

NQOl (wl/wt) 

0.586 

0.022 

1.80 

1,09-2.97 


>■ Analysis includes all subjects (AJ = 474). Coding of variables is as follows: age, in decades from 50 years of age: gender. Female; ethnicity. African-American; pack-years, 
in 10-year intervals (neversmokers - 0); years quid in decades (current smokers - 0); and NQOl, wild-type wtiwt genotype. Note: Similar ORs (La., 1.6-1.91 and levels 
of significance (Lt.. P < 0.05) were observed for NQOl in models containing other smoking variables (cigaiwtes/day, age at starting, cuttenl/former/never), or occupational 


wood-dust exposure. 


smokers. ORs in African-Americans were elevated but not 
statistically significant. Because only seven lung cancer cases 
reported never smoking cigarettes, no meaningful information 
could be derived concerning the association of NQOl and 
cancer in never smokers. Because of the low prevalence of 
homozygous variant individuals, the current study is limited in 
its power to assess the risk associated with carrying two copies 
of the variant ailele (i.e., variant/variant genotype). However, 
the ethnic- and smoking-adjusted OR for the variant/variant 
genotype versus the combined wild-type/wild-type and wild- 
type/variant genotype was 1.41 (95% Cl, 0.98—4.16); when the 
variant/variant genotype was excluded from the comparison, 
the adjusted OR for the wild-type/variant versus wild-type/ 
wild-type was 1.61 (95% Cl, 1.03-2.50). Although larger sam¬ 
ple sizes are needed to address the question of possible gene 
dosage effects, the data are suggestive of a similar risk in 
wild-type/variant and variant/variant individuals. 

Because the distribution of cases and controls was unbal¬ 
anced for ethnicity and because of the higher prevalence of the 
NQOl wild-type status in African-Americans, we carried out a 
series of multivariate analyses that controlled for ethnicity and 
other variables. Logistic regression (Table 4) indicated a sig¬ 
nificant association of NQOl wild-type status with lung cancer 
after adjusting for the effects of ethnicity, age, gender, and 
smoking. Smoking was modeled in different ways (e.g., ciga- 
rettes/day instead of pack-years), which did not affect the 
results for NQOL Because occupational exposure to wood dust 
has been associated with lung cancer in these subjects in a 
previous study (9), we also examined the effects of wood dust 
exposure and found no effect of wood dust exposure on the 
association of NQOl with lung cancer (data not shown). Be¬ 
cause an earlier report (29) indicated a higher prevalence of the 
wild-type allele in nonsmqkers compared with smokers among 
controls, it was of interest to compare allele frequencies among 
our control smokers and nonsmoking subjects. In these com¬ 
parisons, current and former smokers were combined. The 
frequency of the wild-type allele was not increased in non- 
smokers (wild-type, 0.55; variant, 0.45) compared with smok¬ 
ers (wild-type, 0.61; variant, 0.39) among Mexican-Americans. 
In African-Americans, the data suggest a higher prevalence of 
(he wild-type allele in nonsmokers (wild-type, 0.81; variant, 
0.19) compared with smokers (wild-type, 0.76; variant, 0.24), 
although the difference is not significant. In the earlier report 
(29) of predominately non -Hi-panic whites, nonsmoker allele 
frequencies were 0.86 (wild-type) and 0.14 (variant) compared 
with 0.74 (wild-type) and 0.26 (variant) in smokers. 

Discussion 

Recent epidemiological studies indicate that African-Ameri¬ 
cans have markedly higher age-adjusted incidence rates for 


lung cancer compared with Hispanic-Americans. Although dif¬ 
ferences in cigarette smoking among these groups is the most 
obvious potential causal factor to explain these differences, it is 
not yet clear what contribution smoking makes in comparison 
with other lifestyle or genetic factors. It can be seen from the 
current study that cumulative exposure to tobacco smoke 
among lung cancer patients from both ethnic groups was sim¬ 
ilar. Furthermore, other studies indicate that among long-term 
cigarette smokers, only 10-15% will develop lung cancer in 
their lifetimes. For these reasons, it has been proposed that 
ethnic differences in host susceptibility could be potential con¬ 
tributors to ethnic differences in lung cancer risk. 

Previous studies have shown a significant association of 
the trait of mutagen sensitivity in blood lymphocytes with the 
occurrence of lung cancer in African-Americans and Mexican- 
Americans (9, 30, 31). The prevalence of the mutagen sensi¬ 
tivity trait, as assessed by bleomycin-induced chromosome 
breakage, however, was nearly identical in Hispanic and Afri¬ 
can-American ethnic groups. Consequently, this trait, by itself, 
is not likely to be responsible for ethnic difference in lung 
cancer risk. The ongoing studies, described here, explore pos¬ 
sible associations of a newly discovered polymorphism in a 
gene encoding a carcinogen-metabolizing enzyme as a candi¬ 
date gene. In the current study, we observed marked ethnic 
variation in the prevalence of the NQOl polymorphism; the 
wild-type NQOl genotype was approximately twice as com¬ 
mon in Air.can-Americans compared with Mexican American 
subjects. Our study also provides evidence of an association of 
the NQOl wild-type genotype with lung cancer risk in both 
Mexican-Americans and African-Americans. After adjustments 
for gender, ethnicity, and smoking, a 1.8-fold OR was associ¬ 
ated with the wild-type NQOl genotype. This observation is 
consistent with a role for NQOl in cancer susceptibility. The 
prevalence of the “high-risk” genotype within the two ethnic 
groups, which have different lung cancer incidences, also im¬ 
plicates the NQOl gene as a candidate cancer susceptibility 
locus. 

Our a priori hypothesis postulated that heterozygosity and 
homozygosity for the base pair substitution at codon 187 was 
associated with a functional decrease in the amount of quinone 
reductase activity (28), and thus, modification of lung cancer 
risk would be associated with either heterozygous or homozy¬ 
gous variant genotypes. This hypothesis guided our analyses 
that categorized individuals in the population as carrying either 
the wild-type versus homo- or heterozygous variant genotypes. 
In a previous case-control study of the NQOl polymorphism 
and lung cancer in a predominately non-Hispamc white popu¬ 
lation, NQOl allele frequencies were compared in cases and 
controls (29); this analytic approach does not impose assump¬ 
tions concerning risks in homo- versus heterozygous variant 
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individuals. That study, in contrast to the present results, re- 
ported an increased NQOI variant allele frequency in lung 
cancer cases compared with controls. Although not statistically 
significant, our data indicate a decrease in the variant allele 
frequencies in cancer cases. The divergent results in predomi¬ 
nately non-His panic whites compared with the present study of 
minority ethnic groups could indicate differences in gene-en¬ 
vironment interactions according to ethnicity. One other pos¬ 
sible explanation for the reported results is a systematic differ¬ 
ence in the distribution of histological subtypes and the 
possibility that NQOI may impart different risks for different 
cell types of lung cancer. Histological cell types were not 
reported in the earlier study of predominately non-Hispanic 
whites; the distribution of cell types were similar in African- 
American and Mexican-Americans reported here, with the ex¬ 
ception of a higher proportion of squamous cell carcinoma in 
African-Americans (38%) compared with Hispanics (18%). 
Alternatively, discordant results in white versus minority pop¬ 
ulations could he evidence of linkage disequilibrium of the 
NQOI wild-type allele with another gene locus that is in a 
different phase relationship in different ethnic groups. 

The present study is limited in its power to assess the risks 
associated with the NQOI wild-type genotype in each ethnic 
subgroup. In addition, additional study is needed to confirm the 
distribution of the NQOI alleles within the catchment popula¬ 
tions for each of our ethnic lung cancer groups. Possible dif¬ 
ferences in occupational lung cancer risk factors within the 
present population have been alluded to previously (29). With 
reference to potential confounding by occupational wood dust 
exposure, our analyses indicated no effect of this risk factor on 
the association of the NQOI genotype and lung cancer. Other 
unidentified confounders could be involved; however, we ob¬ 
served no case-control differences in family income, family 
size, or level of education. Finally, the previously observed 
association of NQOI variant alleles with smoking history in 
whites (29) was not observed in our minority populations, 
although a nonsignificant trend was suggested in African- 
Americans. 

Since tiie analyses reported here were carried out, studies 
on the phenotypic effect of the NQOI polymorphism have 
indicated misclassification of the NQOI genotype of cell lines 
previously reported to be heterozygous for the NQOI variant, 
and which displayed reduced quinone reductase activity (32). 
Consequently, at the present time there are no investigations of 
the relative enzyme activities of cells from individuals who are 
heterozygous for the C-T base substitution, although homozy¬ 
gous individuals would still be expected to be relatively defi¬ 
cient. Additional biochemical studies are obviously needed to 
define the effects of the NQOI polymorphism on enzyme 
activity. Because NQOI is an inducible enzyme (induced by, 
e.g., cigarette smoking; Ref. 33), it will also be important to 
consider the effect of relevant exposures that may modify 
NQOI activity in these studies in human populations. The 
present results, which indicate an association of the wild-type 
genotype of the NQOI polymorphism with lung cancer, are 
consistent with the hypothesis that the NQOI enzyme acts as a 
mechanism for metabolic activation of putative lung carcino¬ 
gens. Although typically thought of as a detoxification mech¬ 
anism, NQOI activity is also a well-documented component of 
cellular mutagen and carcinogen activation (18). It is of interest 
that NQOI has been shown to activate 1,6-, 1,3-, and 1,8- 
dinitropyrenes (34, 35), which are potent lung carcinogens in 
animal models (36, 37). Such nitropolyaromatic hydrocarbons 
are widespread environmental pollutants and components of 
diesel exhaust and urban air (38). 1,8-Dinitropyrene is one of 


the most patent bacterial mutagens that has yet been identified 
(39, 40). There is no compelling evidence, however, for the 
involvement of diesel exhaust or dinitropyrenes in human lung 
cancer (40). Confirmation of the present results could therefore 
provide a stimulus for future studies to investigate novel mech¬ 
anisms for lung carcinogenesis and clues to gene-environment 
interactions among minority groups that lead to increased can¬ 
cer risk. 
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